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2) Experimental Details

Analytic methods
DLS measurements were performed on a Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.). Disposable BRAND UV-Cuvettes micro were used. NMR spectra were recorded on JOEL ECX400, JOEL ECP500 and BRUKER AV500 spectrometers. Flash chromatography was performed on silica gel 60 (230-400 mesh) using head pressure by means of compressed air. HPLC was carried out on a Knauer HPLC (pump K-1800) using a Knauer RI-detector K-2401 and a Nucleosil 50-5 (32 x 240) column. Mass analyses were performed on an Agilent 6210 ESI-TOF, Agilent Technologies, Santa Clara, CA, USA. Surface tension measurements were performed on a contact angle measuring and contour analysis system Dataphysics OCA 20 (DataPhysics Instruments GmbH, Filderstadt, Germany).
Sample preparation protocol
As described in the manuscript, the single-tailed and the [G3.0] molecules are much better soluble in water than the double-chained perfluorinated molecules with [G2.0] heads. Hence, different sample preparation protocols had to be adapted for their solubilization. The singletailed and the [G3.0] amphiphiles did not show any considerable difference in self-assembly behavior depending on the sample preparation procedure. The [G2.0] amphiphiles with two perfluoroalkyl chains, however, have shown some differences in the particle morphology depending on sample preparation. For the preparation of solutions Milli-Q water was used, which was obtained from a Merck Millipore Milli-Q Integral System. method in which a concentrated solution of the compound was diluted to half of its actual concentration in the next sample. All measurements were performed at 25 ± 0.5 °C.
Dynamic light scattering measurements
The dynamic light scattering studies were conducted using a Malvern Zetasizer Nano ZS. All the samples were prepared by weighing the required amount of the compound into a vial and adding in Milli-Q water to maintain the concentration at 0.5-1 wt%. The samples were prepared as described above in the section "sample preparation protocol". Before the DLS measurements all samples were filtered through 0.45 μm RC membrane filters.
Cryogenic transmission electron microscopy Preparation of samples:
The samples for cryogenic transmission electron microscopy (cryo-TEM) were prepared at room temperature by placing a droplet (6 μL) of the solution on a hydrophilized perforated carbon filmed Quantifoil grid (60 s Plasma treatment at 8 W using a BALTEC MED 020 device). The excess fluid was blotted off to create an ultrathin layer (typical thickness of 100 nm) of the solution spanning the holes of the carbon film. The grids were immediately vitrified in liquid ethane at its freezing point (-184 °C) using a standard plunging device. Ultrafast cooling is necessary for an artifact-free thermal fixation (vitrification) of the aqueous solution avoiding crystallization of the solvent or rearrangement of the assemblies.
Standard cryo-TEM investigations:
For standard cryo-TEM investigations we used a Philips CM12 transmission electron microscope. The vitrified samples were transferred under liquid nitrogen into the microscope using the Gatan cryoholder and -stage (Model 626). Microscopy was carried out at -175 °C sample temperature using the microscopes low dose mode at a primary magnification of 58300×. Accelerating voltage was 100 kV and the defocus was chosen to be 1.2 μm.
Cryo-electron tomography:
1. Vitrified samples were transferred under liquid nitrogen into a Tecnai F20 TEM (FEI company, Hillsboro; USA) using the Gatan cryoholder and -stage (Model 626) and operated at 160kV accelerating voltage. A tomographic tilt series was performed using the FEI Tomography software in the tilt range of -65°/65° in 2° increments. The image stack alignment and 3D reconstruction was performed in the context of the FEI Inspect 3D software.
Visualization was done with AMIRA software Version 6.0.0 (Thermo Fisher Scientific, Hillsboro, Oregon; USA). 3) Synthesis and characterization of compounds 3.1. General synthetic and analytic methods All commercially available compounds were used as received without further purification.
NMR spectra were recorded on JOEL ECX400, JOEL ECP500 and BRUKER AV500 spectrometers. 1 H NMR data are reported as follows: chemical shift, multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, hept = heptet, dd = doublet of doublets, ddd = doublet of doublet of doublets, dq = doublet of quartets, m = multiplet, m broad = broad multiplet), coupling constants (Hz) , and integration. Flash chromatography was performed on silica gel 60 (230-400 mesh) using head pressure by means of compressed air. HPLC was carried out on a Knauer HPLC (pump K-1800) using a Knauer RI-detector K-2401 and a 
General synthesis procedures
General procedure A: Ether formation. Procedure A1. To the anhydrous DMSO freshly powdered KOH (4.0 equiv.) was added.
After stirring for 5 min an alcohol R-OH was added to the solution and allowed to stir for additional 5 min. Finally respective bromoalkene (1.05-2.0 equiv. per OH group) was added to the reaction mixture and stirred for 30-45 min. Reaction was quenched by addition of water, followed by extraction with CH 2 Cl 2 . The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. Purification of the residue by column chromatography gives the desired compounds in high yield.
Procedure A2.
[Gn]-OH (1.0 equiv.), NaH (60% in mineral oil, 2.5 -5.0 equiv. per OH group), cat. amount of 15-C-5 and freshly distilled anhydrous THF were placed in a dry two necked round bottomed flask under inert gas atmosphere. After 2-3 h stirring at 40 °C with respective bromoalkene (2.0 equiv. per OH), cat. amount of KI and 18-C-6 were added to the solution. The mixture was stirred under reflux for 12 -24 h. After cooling to room temp., the reaction was quenched with distilled water and extracted with CH 2 Cl 2 . The organic layer then was dried over Na 2 SO 4 and solvent was removed under vacuum. Purification of the residue was performed by silica gel column chromatography giving the desired product in high yield.
General Procedure B: Thiol coupling
Procedure B1. Attachment of perfluoro segment to the "OH" funtionality.
MsCl (1.1 -1.5 equiv. per OH) and Et 3 N (1.4 equiv. per OH) were added to a solution of R-OH (1.0 equiv.) in abs. toluene being cooled to 0 °C. The mixture was stirred for 4-12h. The reaction progress was monitored by TLC. The precipitate was removed by filtration and the product was dried under vacuum and used for next step without further purification. The mesylate was dissolved in dioxane and Cs 2 CO 3 (2.7 equiv. per OMs) and C 8 F 17 CH 2 CH 2 SH (2.6-2.7 equiv. per OMs) were added. The mixture was stirred for 18-20h at 60 °C. The reaction mixture was quenched with water and extracted with DCM. The organic layer was dried over Na 2 SO 4 , and the solvent was removed. The product was purified via column chromatography yielding a title compound.
Procedure B2. Attachment of perfluoro segment to the "ene" funtionality.
Mixture of "ene" compound (1.0 equiv.) and C 8 F 17 CH 2 CH 2 SH (4.0 equiv. per "ene" group) was degassed by freeze pump thaw procedure and bubbling Argon through the solution to remove oxygen. After heating to 80 °C, cat. amount (a spatula-tip) of AIBN was added under an atmosphere of argon, and the reaction mixture was stirred for 2 h. After further addition of the same amount of AIBN, the mixture was stirred for another 24 h at 80 °C, and the solvent was then evaporated. The further purification was achieved by column chromatography. (1.8 g, 2.14 mmol, 1.0 equiv.). Evaporation of the solvent gives desired product (1.20 g, 74%). 
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Synthesis of double-tail amphiphiles
2-hydroxypropane-1,3-diyl diacetate (Ac-[G0]-OH):
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Synthesis of [Gn]
-(C x -R f ) 2 , where n = 2, 3 and x = 3, 6 
gives title compound (1.48 g, 73% 
